Introduction {#S0001}
============

Inflammatory bowel disease (IBD) is a group of chronic inflammatory disorders that affect the gastrointestinal tract and comprises Crohn's disease and ulcerative colitis. As observed in other chronic inflammatory diseases, patients with IBD present a higher risk of developing cardiovascular diseases because chronic inflammation plays an essential role in atherogenesis.[@CIT0001],[@CIT0002] The inflammatory process induces aggression to the vascular endothelium, leading to endothelial dysfunction and, consequently, carotid intima-media thickness and arterial stiffness, both considered subclinical manifestations of atherosclerosis.[@CIT0002]

Despite the increased risk of atherosclerosis due to chronic inflammation and the increased frequency of risk factors such as overweight and obesity in this population,[@CIT0003],[@CIT0004] studies on cardiovascular risk in patients with IBD presented conflicting results. Two retrospective cohort studies involving approximately 17,000 and 25,000 individuals showed that the risk of myocardial infarction in patients with IBD is similar to that in the control group.[@CIT0005],[@CIT0006] However, a Danish cohort study including 28,833 IBD individuals found an increased risk of cardiovascular events (risk ratio \[RR\]=2.13, 95% confidence interval \[CI\]: 1.91 to 2.38), particularly in the first year after the IBD diagnosis.[@CIT0007]

Atherosclerotic cardiovascular disease is the leading cause of morbidity and mortality worldwide, which may be attributed to uncontrolled exposure to risk factors, in addition to the lack of efficient strategies of disease prevention.[@CIT0008] Patients with IBD are at a high risk of developing cardiovascular disease due to the presence of chronic inflammation and exposure to risk factors such as the presence of metabolic disease. In the present study, we aimed to evaluate the cardiovascular risk in patients with IBD compared with the healthy control group.

Materials and Methods {#S0002}
=====================

Study Design and Population {#S0002-S2001}
---------------------------

A case--control study was conducted on 52 outpatients with Crohn's disease and ulcerative colitis and 37 healthy individuals between April 2016 and October 2017. The diagnosis of IBD was based on clinical, endoscopic, and histological parameters. The inclusion criteria for the IBD group were age ≥18 years and the evaluation of the carotid arteries by ultrasonography. Exclusion criteria were gestation or breastfeeding; previous history of cardiovascular disease; diagnosis of acquired immunodeficiency syndrome; presence of renal, rheumatic, or hepatic disease or previous bariatric surgery; and impossibility of carotid artery evaluation due to technical difficulty related to the ultrasonography exam.

The control group was composed of healthy volunteer blood donors from the institution's blood bank. The donors were invited to participate in the study during their appointment for blood donation. They were evaluated through a questionnaire interview, physical examination including weight and height, and blood pressure measurement, and blood sample was collected for laboratory tests. The control group was chosen using the same age group as the IBD group, those individuals who did not fit the age group of the disease group were excluded.

Clinical Evaluation {#S0002-S2002}
-------------------

Data such as age, sex, smoking status, presence of comorbidities, disease duration, and medication were evaluated, and blood pressure was measured. The extent of the disease was classified according to the Montreal classification[@CIT0009] for patients with Crohn's disease and according to the extent of the inflammatory process (proctitis, left-sided colitis, or extensive/pancolitis)[@CIT0010] for patients with ulcerative colitis. Disease activity was assessed using the Crohn's disease activity index[@CIT0011] for Crohn's disease and the Mayo score[@CIT0012] for ulcerative colitis. To assess the endoscopic activity of the disease for the calculation of the Mayo score, the endoscopic examination performed from 0 to 6 months before or after the study evaluation was considered.

Anthropometric Evaluation {#S0002-S2003}
-------------------------

Anthropometric evaluation consisted of body weight, height, and body mass index (BMI). Nutritional status was classified according to the points proposed by the World Health Organization[@CIT0013] and Pan American Health Organization (OPAS)[@CIT0014] for adults and elderly (≥60 years), respectively.

Cardiovascular Risk {#S0002-S2004}
-------------------

Cardiovascular risk was based on the Framingham risk score and ultrasonography variables, such as the carotid intima-media thickness and the presence of carotid atherosclerotic plaque. Ultrasonography examination of the carotid arteries was performed by the same trained and qualified cardiologist using the General Electric Vivid S6, equipped with a 7.0-MHz linear ultrasonic transducer and an image recording system. Measurements were performed at the posterior wall of the distal third 10-mm segment of the left and right common carotids, preceding the carotid bulb (5 mm), considering the distance between the lumen-intima and media-adventitia interfaces. Such measurements were performed at the R wave peak of the electrocardiogram. The mean values between the two carotids were considered. Presence of atherosclerotic plaque was defined as focal thickening of ≥50% of the intima-media thickness of the vessel wall environment or carotid intima-media thickness greater than 1.5 mm.[@CIT0015]--[@CIT0017]

Biochemical Evaluation {#S0002-S2005}
----------------------

A sample of a 12-hour fasting peripheral blood was obtained from the IBD and control groups to evaluate fasting glucose, high-sensitivity C-reactive protein, total cholesterol, high-density lipoprotein cholesterol, and triglycerides. Low-density lipoprotein cholesterol was estimated using the Friedewald equation when the triglyceride level was less than 400 mg/dL.

Statistical Analysis {#S0002-S2006}
--------------------

For sample size calculation, the chi-square test with the Yates' correction was used for two independent proportions, considering samples of different sizes. In a previous study, Salmazo et al[@CIT0018] verified the frequency of atherosclerotic plaque in 4% of the subjects in the control group versus 37% of the HIV-infected patients. Considering the hypothesis of a lower frequency of atherosclerotic plaque in the carotid in patients with IBD compared with patients with HIV (approximately 20%) and considering the desired power of 0.8 and alpha of 0.05, we obtained a sample size of 76 individuals for the study.

Of the 103 individuals with IBD invited to participate in this study, 14 were excluded for presenting exclusion criteria such as cardiovascular disease (n=9), liver or renal disease (n=4), or previous bariatric surgery (n=1). Finally, 89 individuals were included in the analysis, with 52 in the IBD group and 37 in the matched control group.

Data are presented as mean and standard deviation and median and quartile 1 and quartile 3. Student's *t*-test and Mann--Whitney test were used to compare the groups. To verify which factors explain the presence of cardiovascular risk, multivariate logistic regression or multiple linear regression analysis was performed. The regression model was adjusted for age, sex, smoking status, fasting glucose, LDL-cholesterol, triglycerides, and BMI. A significance level of 5% was used. All analyses were performed with Sigma Plot for Windows v12.0 (Systat Software Inc., San Jose, CA, USA).

Ethical Considerations {#S0002-S2007}
----------------------

The study was approved by the local ethics committee (CAAE: 58127316.9.0000.5411). All subjects were informed about the objectives of the study and included after they signed the written informed consent form.

Results {#S0003}
=======

Fifty-two individuals with IBD (Crohn's disease: 32.7%; ulcerative colitis: 67.3%) were evaluated. The mean age was 49.2±11.4 years, and 51.9% were female. The disease duration was 9.9±7.2 years, and the majority (57.7%) of the individuals were in clinical remission. The high-sensitivity C-reactive protein was 2.8±5.6 mg/dL.

Among patients with ulcerative colitis, the mean age was 50.6±10.5 years, 54.3% were female, and 57.1% were in disease remission. According to the extent of the inflammation, 57.1% of the patients presented pancolitis, followed by left-sided colitis (22.9%). Most used 5-aminosalicylic acid derivatives (54.3%), followed by biological therapy (20%) and corticosteroids (14.3%). The median of the total Mayo score was 2 (1--4) points, and the median of the endoscopic Mayo score was 1 (1--2) point. Among Crohn's disease patients, the mean age was 46.3±13.1 years, 47% were female, and 58.8% were in disease remission. Most were diagnosed at aged between 17 and 40 years (56.9%). The ileal (35.3%) and ileocolic (35.3%) regions were the main inflammation-affected areas, and the predominant behavior was penetrating (52.9%), followed by stenosing (29.4%). Perianal disease was observed in 47% of the patients. The majority received biological therapy (70.6%), followed by azathioprine (64.7%) and corticosteroids (5.8%). The control group consisted of 37 individuals with a mean age of 45.5 (±10.1) years and a predominance of women (59.4%).

Cardiovascular Risk {#S0003-S2001}
-------------------

No difference was found in clinical variables between the IBD and control groups ([Table 1](#T0001){ref-type="table"}). The BMI was 26.5±3.8 kg/m^2^ in the IBD group and 27.1±5.5 kg/m^2^ in the control group (p=0.236), and the majority of the individuals were overweight or obese (IBD 53.8% vs control 59.4%).Table 1Clinical Variables and Risk Factors for Cardiovascular Disease in the IBD and Control GroupsIBD Group\
(n=52)Control Group\
(n=37)P-valueAge (y)49.2±11.445.5±10.10.117Sex, female27 (51.9)22 (59.4)0.625Active smoking2 (3.8)6 (16.2)0.062Diabetes7 (13.5)3 (8.1)0.513High blood pressure8 (15.4)6 (16.2)0.850Dyslipidemia2 (3.8)5 (13.5)0.122Systolic blood pressure (mmHg)\
Diastolic blood pressure (mmHg)12 (11 - 13)\
8 (7 - 9)12 (11.5 - 13)\
8 (7 - 8)0.897\
0.927Total cholesterol (mg/dL)188±43195±370.434HDL-cholesterol (mg/dL)47.5 (39 - 59)46 (41 - 53.5)0.683LDL-cholesterol (mg/dL)108±37119±27.60.136Fasting glucose (mg/dL)95 (86.2 - 107.3)86 (79 - 100)0.041Triglycerides (mg/dL)126.5 (89.5 - 181.5)123 (89 - 182)0.930Carotid intima-media thickness (mm)0.69±0.120.63±0.120.031Presence of atherosclerotic plaque13 (25)2 (5.4)0.032Moderate and high cardiovascular risk according to the Framingham risk score16 (30.8)5 (13.5)0.102[^1][^2]

The IBD group presented higher fasting glucose (p=0.041), higher carotid intima-media thickness (p=0.031), and higher percentage of atherosclerotic plaque in the carotid (p=0.032) compared with the control group ([Table 1](#T0001){ref-type="table"}). Despite these findings, the presence of moderate and high cardiovascular risks according to the Framingham risk score did not differ between the groups (30.8% in the IBD group vs 13.5% in the control group, p=0.102; [Table 1](#T0001){ref-type="table"}).

Multivariate logistic regression analysis showed that the presence of IBD, even adjusted for age, sex, smoking status, fasting glucose, LDL-cholesterol, triglycerides, and BMI, increased the risk of carotid atherosclerotic plaque by 6.45 times ([Table 2](#T0002){ref-type="table"}). According to the linear regression model, an association was found between the presence of IBD and the carotid intima-media thickness (p=0.031), but the association became non-significant (p=0.176) when adjusted ([Table 2](#T0002){ref-type="table"}).Table 2Logistic Regression for the Presence of Atherosclerotic Plaque and Linear Regression for Carotid Intima-Media Thickness in the IBD GroupPresence of Atherosclerotic PlaqueOR95% CIp-valueUnivariate5.831.229--27.6790.026Adjusted\*6.451.035--40.2160.046**Carotid Intima-Media ThicknessCoefStd. Errorp-value**Univariate0.05520.02520.031Adjusted\*0.03140.02300.176[^3][^4]

Discussion {#S0004}
==========

In recent years, evidence has emerged on the association between IBD and the increased risk of cardiovascular events. A systematic review included six studies and observed 6478 coronary events in 123,907 patients with IBD and a risk increase of 19% in coronary artery disease, particularly among women and individuals younger than 40--50 years.[@CIT0019] Kristensen et al[@CIT0020] found that individuals with IBD present an increased risk of stroke (RR=1.15, 95% CI: 1.05--1.27) and hospitalization for heart failure (RR 1.37, 95% CI 1.26--1.49) when compared with the matched controls.

Therefore, evaluating cardiovascular risk in this population periodically and throughout life is important. Cardiovascular risk assessment is based on clinical scores, such as the Framingham risk score, which is used worldwide and estimates the likelihood of occurrence of or death from coronary disease within a period of 10 years in individuals without prior clinical atherosclerosis. The score assesses the cardiovascular risk based on the presence of risk factors such as systolic blood pressure, total cholesterol, high-density lipoprotein cholesterol, and smoking. The Framingham risk score was not originally proposed to evaluate cardiovascular risk in the IBD population, but it is a well-established score in literature and globally used to estimate cardiovascular risk in populations of interest.[@CIT0021]--[@CIT0023]

In the present study, no significant difference was found in cardiovascular risk calculated using the Framingham risk score between the IBD and matched control groups. Considering that patients with IBD presented a higher percentage of atherosclerotic plaque in the carotid, the Framingham risk score was possibly not a good tool to detect the risk in this population, probably because it does not consider the presence of systemic inflammation. In addition, the low age of the patients may have contributed to this finding. Similarly, Rungoe et al[@CIT0024] observed that the Framingham risk score is lower in patients with IBD, even in those with coronary artery disease, compared with individuals with coronary artery disease (8.1±3.47 vs 10±3.75, p=0.002).

Therefore, previous studies suggested the use of other methods of risk assessment, such as evaluation of carotid intima-media thickness by ultrasonography. Carotid ultrasound is the standard tool in clinical practice for the detection and estimation of the severity of carotid atherosclerosis.[@CIT0025] It is a non-invasive, reproducible, and relatively inexpensive method that provides quantitative measurements of structural changes in the arterial wall. It allows the diagnosis of atherosclerosis in its subclinical phase, permitting early intervention, thereby contributing to reduced incidence of unfavorable outcomes.[@CIT0026] The exam should be considered in high-risk groups for cardiovascular disease,[@CIT0027] such as in patients with IBD.

Patients with IBD presented a higher risk of carotid atherosclerotic plaque even when adjusted for other risk factors for cardiovascular disease. With regard to the carotid intima-media thickness, although the IBD group presented greater thickness compared with the control group, this result was not significant when adjusted for other variables. Emphasizing that the carotid intima-media thickness and the carotid plaque seem to be distinct manifestations of the arterial wall thickening process is important.[@CIT0028] However, the presence of carotid plaque is more strongly associated with coronary artery disease and is a better predictor of cardiovascular events compared with the carotid intima-media thickness.[@CIT0029] Notably, when both of them are visualized, the cardiovascular risk is higher.[@CIT0027]

Chronic inflammation may contribute to the development of atherosclerosis and atherosclerotic plaque rupture. Inflammatory cytokines, such as tumor necrosis factor-α, reduce the expression of enzyme nitric oxide synthase, decreasing nitric oxide bioavailability and impairing endothelium vasodilation.[@CIT0030] Inflammatory cytokines are also largely responsible for the increased production of reactive oxygen species capable of activating nuclear kappa factor, which increases the expression of cell adhesion molecules by stimulating leukocyte migration to the subendothelial space, a key process in initiation and maintenance of atherosclerosis.[@CIT0030]

Despite the association between chronic inflammation and cardiovascular diseases, few studies evaluated the effects of drug treatment aiming to control the inflammatory process to reduce the risk of cardiovascular events in patients with IBD.[@CIT0007] With the advent of new drugs that enable better control of inflammatory activity and the establishment of treatment strategies with defined therapeutic targets, a reduction of the cardiovascular risk in this population is expected. A study conducted by Paschou et al[@CIT0031] observed a decrease in insulin levels and homeostatic model assessment for insulin resistance index in patients with IBD after receiving treatment with biological therapy for a period of six months. These data suggest that clinical treatment can promote not only controlling intestinal inflammation, but also controlling risk factors for cardiovascular disease, resulting in the reduction of the overall risk of cardiovascular events in the long term. However, prospective studies are needed to prove these effects in the general IBD population.

The present study has some limitations including small sample size and cross-sectional design, indicating that prospective and longitudinal studies are necessary, particularly to clarify the impact of active intestinal inflammation on the development of cardiovascular disease. In addition, future studies should investigate the relationship between disease remission and cardiovascular risk modification. We also acknowledge that other methods of body composition evaluation, such as computed tomography and dual-energy X-ray absorptiometry, more accurately reflect visceral and mesenteric adiposity compared with BMI, an important risk factor for cardiovascular disease. Despite these limitations, our study suggests that patients with IBD present a higher risk of developing atherosclerotic plaque in the carotid arteries and, consequently, a higher risk of cardiovascular diseases when compared with the matched control group.

Conclusion {#S0005}
==========

Patients with IBD are at an increased risk of atherosclerosis and, consequently, an increased risk for cardiovascular diseases. Strategies should be implemented to promote control of the cardiovascular risk factors aiming cardiovascular risk reduction in this population.
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[^1]: **Note:** Data expressed as n (%), mean±SD, or median and quartiles (Q1--Q3).

[^2]: **Abbreviations:** HDL-cholesterol, high-density lipoprotein cholesterol; LDL-cholesterol, low-density lipoprotein cholesterol.

[^3]: **Notes:** \*Adjusted value for age, sex, smoking status, glucose, LDL-cholesterol, triglycerides, and body mass index.

[^4]: **Abbreviations:** OR, odds ratio; CI, confidence interval.
